This study employed the intruder-resident paradigm to evaluate the effects of continuous social defeat on depressive-and anxiety-like behaviors and the reinforcing and motivational actions of ethanol in male Swiss mice. Male Swiss mice were exposed to a 10-day social defeat protocol, while control mice cohabitated with a nonaggressive animal. Continuous defeat stress consisted of episodes of defeat, followed by 24 h or 48 h cohabitation with the aggressor until the following defeat. Mice were assessed for sucrose drinking (anhedonia), social investigation test, elevated plus-maze, conditioned place preference to ethanol, and locomotor response to ethanol. Plasma corticosterone was measured prior to, after the first and the final defeat, and 10 days after the end of defeat. Defeated mice exhibited a depressive-like phenotype as indicated by social inhibition and reduced sucrose preference, relative to non-defeated controls. Defeated mice also displayed anxiety-like behavior when tested in the elevated plus-maze. Stressed animals failed to present ethanol-induced locomotor stimulation, but showed increased sensitivity for ethanol-induced conditioned place preference. Corticosterone response to defeat was the highest after the first defeat, but was still elevated after the last defeat (day 10) when compared to nonstressed controls. Baseline corticosterone levels were unchanged 10 days after the final defeat. These data suggest that social defeat stress increased depressive-and anxiety-like behavior as well increased vulnerability to ethanol reward in mice.
Introduction
Social defeat stress has been widely used to model the effects of social stress in humans, since the main source for stressful stimuli in humans is of social nature (Björkqvist, 2001; Martinez et al., 1998; Ruis et al., 1999) . In rodents, social defeat is accomplished by using the resident/intruder paradigm, in which naïve males (intruders) are introduced into the territory of a male aggressor (residents) to be defeated (Kudryavtseva et al., 1991; Martinez et al., 1998) . The intruder is targeted with aggression from the resident, including attacks, bites, and threats. The "defeat" takes place when the intruder shows behavioral signs of submission towards the dominant aggressor (Miczek et al., 1982) . Many variations in defeat protocols exist, including differences in species and lines of animals used; frequency and duration of aggressive confrontation; length of protocol; interval between defeats and testing, etc. This study will focus on repeated, continuous social defeat stress in outbred Swiss mice (see Hammels et al., 2015, for a review) . In this case, right after the aggressive confrontation and subsequent defeat, the intruder is continuously exposed to the resident aggressor for a period of 24 h, separated only by a transparent perforated partition (Berton et al., 2006; Kudryavtseva et al., 1991; Martinez et al., 1998) .
Previous studies have shown that this stressor induces a depressivelike phenotype, including social avoidance when presented to an unfamiliar conspecific in a social investigation test (Kudryavtseva et al., 1991) . More recently, social avoidance was reported even after 4 weeks following a 10-day continuous defeat protocol, an effect that was reversed by treatment with antidepressants (Berton et al., 2006) . Other depressive-like behaviors have also been observed, such as reduced sucrose preference (i.e., anhedonia) during the course of chronic defeat (Rygula et al., 2005) or within a few days after defeat stress (Covington et al., 2010; Krishnan et al., 2007) , and decreased exploratory activity, indicating long-term effects of this social stressor (Rygula et al., 2005) .
Social defeat stress stimulates the hypothalamic-pituitary-adrenal (HPA) axis, leading to increases in circulating corticosterone levels in defeated animals Keeney et al., 2006; Schuurman, 1980) . There is, however, debate whether adaptation occurs in the HPA axis in response to social defeat stress. For example, Covington and Miczek (2005) reported similar corticosterone response after the first defeat, or the fourth defeat in rats. Conversely, sustained elevation in corticosterone levels after chronic defeat stress has been observed, indicating a deficiency in the regulation of the HPA axis (Keeney et al., 2006) .
Several studies have shown that social stress also contributes to increased vulnerability to drug use (Miczek et al., 2008; Rhodes and Jason, 1990; Sarnyai et al., 2001; Sinha, 2008) . Rats and mice undergoing repeated, brief episodes of social defeat stress over 10 days present enhanced locomotor response to psychostimulants and increased drug self-administration Miczek et al., 2008; Yap et al., 2005) . On the other hand, when stressed rats are exposed to continuous defeat for 5 weeks, there is a blunted response to cocaine-induced hyperactivity and reduced cocaine intake (Miczek et al., 2011) . Consequences of defeat stress on ethanol reward have been more inconsistent, with suppressive effects on drinking (Funk et al., 2004 (Funk et al., , 2005 Van Erp and Miczek, 2001 ) as well as increases in ethanol consumption (Caldwell and Riccio, 2010; Croft et al., 2005; Norman et al., 2015; Rodriguez-Arias et al., 2016) . Recently, Norman et al. (2015) reported consistent increases in ethanol drinking in mice with a history of more severe episodes of defeat stress.
The present study aimed to characterize and further expand our understanding of chronic, continuous defeat stress model and its consequences on depressive-and anxiety-like behaviors, as well as corticosterone responses during and after the defeat protocol. We also assessed whether chronic exposure to continuous social defeat stress would increase ethanol conditioned reward and ethanol-induced locomotor stimulation.
Materials and methods

Animals
Adult Male Swiss mice (n = 294) aged 8-10 weeks, were purchased from CEDEME (Center for Experimental Models, Universidade Federal de São Paulo, Brazil). Animals were housed individually or in pairs, according to procedures described below. The vivarium was kept with controlled temperature (21°C ± 2°C) and humidity, and maintained on a 12 h light/dark cycle, with lights on at 7 a.m. Throughout the entire experimental procedure, food and water were available ad libitum. Experiments were conducted during the light phase (7h00-19h00) and were approved by the Ethics Committee on Animal Use at Universidade Federal de São Paulo (CEUA #308795/13, #8964170714, #0017/13).
Drugs
Drug treatments were delivered via intraperitoneal (i.p.) injections -Saline (NaCl 0.9% w/v) -Ethanol (Synth®, Diadema, Brazil) was prepared in saline (15% w/v in 0.9% NaCl).
Procedures and experimental design
2.3.1. Experimental design Table 1 shows the different experiments conducted in this study and which behavioral tests or assays were carried out with each cohort of mice, with the respective number of animals/group in each test. Each experiment used a separate cohort of mice (control and stress groups). Most experiments were carried out with a 10-day protocol with daily defeats which were followed by continuous exposure to the aggressive resident for 24 h, with the exception of experiments 2 and 6, in which 5 defeats occurred during 10 days (Table 1 ). The timeline for the different tests and measurements is mentioned in footnotes to Table 1 .
Continuous social defeat stress
Male resident mice (n = 32) were housed with a female for 3 weeks before being trained for aggressive behavior. During training for aggressive confrontations, younger and smaller male naïve mice (n = 40 stimulus animals) were introduced into the home cage of the residents, after removal of the female. Residents threatened, pursued and attacked the male stimulus animals, as previously described (Yap et al., 2005) . Training for aggressive behavior was carried out for 5-9 sessions, in alternating days, until residents expressed stable levels of aggression towards stimulus animals (variation in attack bites < 15% over three consecutive sessions).
Experimental animals from both groups (control and stress) arrived at least 10 days before the beginning of the experiment, and were individually housed. Social stress occurred during 10 days, during which the female mouse was removed from the aggressive resident's cage. Each daily confrontation consisted of 5-min sessions of physical and social interactions, when, typically, the intruder was defeated by the aggressive resident. The confrontation was terminated earlier if the defeated mouse displayed submissive posture, including an upright posture exposing the abdomen, retracted ears and limp forepaws, during 4 consecutive seconds (see Miczek et al., 1982; Yap et al., 2005) . After each defeat, the intruder remained in the home cage of the aggressive resident, physically separated by a perforated acrylic partition, as described in (Golden et al., 2011) . The following day, the intruder was defeated by a new resident, in a rotation scheme, until completion of the 10-day protocol. During this 10-day period, control mice were pair-housed with another control animal, using the same acrylic partition that was used for the defeat sessions (allowing only sensorial contact). Housing partners were rotated every day, following the protocol described by Golden et al. (2011) . At the end of the 10-day stress protocol, all subjects were returned to their individual home cages. Experimental animals were individually housed prior to, and after the social defeat protocol in order to prevent non-controlled aggressive interactions, which are commonly observed in group-housing conditions.
In experiments 2 and 6, the number of defeats was reduced to minimize stress exposure while still obtaining significant behavioral effects. These experiments occurred at a period when we were observing that mice undergoing defeats were becoming physically debilitated, which was not the purpose of our protocol. In these cases, 5 defeats occurred every other day, during 10 days. Defeated mice were housed in sensorial contact with the resident for 48 h, until the following defeat. Likewise, for these experiments, pairs of control animals were rotated every 48 h, during the 10-day protocol.
Sucrose preference test
Anhedonic-like behavior was evaluated by monitoring sucrose drinking. Mice had access to two bottles containing water or a 2.5% sucrose solution, during 2 h, in three different phases: prior to social defeat stress (10, 7 and 3 days prior to defeat protocol), during the defeat (D1, D4, D7, D10) and post-defeat (D12, D18, D22). Sucrose drinking was assessed in the home cage of mice, individually. During defeat period (D1-D10), mice were individually placed in their original home cages for sucrose drinking, which occurred at least 2 h after the defeat or rotation of control animals. After each test, stressed mice were then returned to the home cage of the aggressive resident, and controls were returned to pair housing condition, always in the presence of the divider. Bottles were weighed before and after the drinking session. Sucrose and water bottles were placed in randomly assigned sides of the cages, and bottle position was switched after each session to prevent side preference. Sucrose preference was calculated as percent intake of sucrose solution to total fluid intake.
Elevated plus maze
Five days after termination of the 10-day continuous defeat protocol, anxiety-like behavior was assessed in the elevated plus maze. The plus-maze consisted of two opposite open arms (30 cm length × 6 cm width) and two enclosed arms of the same size, with 15 cm high walls. 
Blood sampling for determination of plasmatic corticosterone levels
Blood was collected into plastic tubes containing EDTA (60 mg/mL) and were subsequently centrifuged (15 min at 2300 rpm), and the supernatant was transferred to fresh tubes and stored at −20°C until assay. Blood samples were collected from the submandibular vein (Golde et al., 2005) in three distinct moments: baseline (seven days before), during social defeat stress (30 min after defeat 1 and 10) and post defeat (10 days after). Corticosterone levels were determined in duplicates by a double antibody radioimmunoassay [ICN Biomedicals, CA, USA] according to the manufacturer's instructions with some changes (5 μL plasma and half volume of reagents), as described by Thrivikraman et al. (1997) .
Social investigation test
Social interest and approach to a social target were assessed in a social investigation test, carried out 6-7 days post-defeat (D16-D17). The apparatus consisted of an open opaque polycarbonate box (16.5 high × 33 wide × 40 cm long). This open field contained a wire mesh cylindrical cage (9.5 cm high × 8 cm diameter) where the social target was inserted (a non-familiar naïve male mouse), as schemed in Fig. 4 . Each experimental animal was placed into the open field in two periods of 2.5 min. During the first period, the mouse was placed into the open field in the presence of an empty wire mesh cage (absence of social target). In the second period, a social target was placed inside the wire cage (presence of social target). Distance travelled, number of entries, and time spent in the interaction zone (a 5 cm ring around the protective cage), were monitored using a video-tracking system (Ethovision XP® software, Noldus, The Netherlands).
Conditioned place preference (CPP)
Conditioning was conducted in a three-chamber opaque acrylic apparatus. The two outer compartments (15.5 cm long × 12.5 cm wide × 12 cm high) were equipped with 4 pairs of photoelectric beams, and were connected by a central compartment (Insight Ltda., Sao Paulo, Brazil). The central (neutral) compartment consisted of gray walls and smooth steel plate floor (9.5 cm long, 12.5 cm wide, 12 cm high; containing 2 pairs of photoelectric beams). One of the lateral conditioning compartments had black walls with vertical white stripes and a stainless steel grid floor. The opposite compartment had white walls with horizontal black stripes and wire mesh stainless steel floor. Guillotine doors separated the compartments. The CPP protocol started 10 days post-defeat (D20), and was comprised of a pre-conditioning test (D20), eight consecutive conditioning sessions (one conditioning session/day, with a total of four alternating conditioning sessions for ethanol and saline), and a post-conditioning test, 24 h later (D29), without any treatment. After preliminary analysis of the results, we added four extra conditioning sessions (two ethanol and two saline, administered in alternating days) and a second postconditioning test (D34). Pre-and post-conditioning tests consisted of placing the mouse in the central compartment to freely explore all compartments in the apparatus. Time spent in each compartment was recorded, and a preference score was obtained (time spent in drugpaired side minus time spent in saline-paired side). In each treatment group, the drug-paired side was randomly chosen for each animal, using an unbiased procedure. During conditioning sessions, mice received ethanol or saline administration (i.p.) immediately before being confined to the drug-or saline-paired compartments, respectively. All conditioning and test sessions were 15 min long (900 s). Two separate groups of control and stress mice were conditioned using different ethanol doses for the CPP procedure: 1.6 g/kg or 2.2 g/kg (i.p.).
Locomotor activity
Locomotor activity was monitored in activity cages (Columbus Instruments, Ohio, USA; 47.5 length × 25.7 width × 20.5 cm height), which detect locomotor activity by interruption of horizontal photoelectric beams. One week after the last defeat, all animals were habituated to the activity cages for 30 min (novelty test, D18). Twenty-four hours later, locomotor activity was recorded after saline administration (D19). Finally, mice were challenged with a stimulant dose of ethanol (2.2 g/kg, i.p.) and were monitored for 30 min in the activity cages (D20). Corticosterone assay prior to, during and after defeat stress c Baseline: control (n = 12), stress (n = 13) Defeat 1: control (n = 12), stress (n = 13) Defeat 10: control (n = 12), stress (n = 11) Post-defeat: control (n = 12), stress (n = 5) 10 4 Social investigation d Control (n = 24), stress (n = 24) 10 5
Ethanol conditioned place preference (CPP) e Control-ethanol 1.6 g/kg (n = 12) Control-ethanol 2.2 g/kg (n = 12) Stress-ethanol 1.6 g/kg (n = 11) Stress-ethanol 2.2 g/kg (n = 12) 10 6 Locomotor activity: baseline and in response to ethanol f Control-saline (n = 11) Stress-saline (n = 10) Control-ethanol (n = 9) Stress-ethanol (n = 9) 5 a Sucrose preference test was carried out 3 times prior to social defeat (10, 7 and 3 days prior to defeat), during social defeat (D1, D4, D7 and D10) and after the end of stress protocol (D12, D18, and D22). b Anxiety-like behavior was assessed in the elevated plus-maze, five days after the end of stress protocol (D15). c Three blood samples were collected: 7 days before the onset of social defeat (basal), on D1 and D10 (during social defeat), and 10 days after social defeat stress (D20) for determination of corticosterone plasma levels. d Social investigation was assessed five days after the end of stress protocol (D15). e The consequences of social defeat stress on conditioned place preference were assessed after the end of stress protocol D20 to D35. f Mice were tested for locomotor activity during a novelty test (D18), after receiving saline (D19) or ethanol (2.2 g/kg, D20) administration.
G.C. Macedo et al. Hormones and Behavior 97 (2018) 154-161 2.3.9. Statistical analysis Data were checked for normal distribution using KolmogorovSmirnov test (p > 0.05). Statistical analyses for were performed using one-, two-or three-way ANOVAs with repeated measures, as detailed in results section for each experiment. Eta-square (η 2 ) test for effect size was used for ANOVA as detailed in results section. When appropriate, analyses were followed by Newman-Keuls post hoc tests. The level of statistical significance was established at 5%. Cohen's d test for effect size was run to estimate the strength of the effects between two groups ("d" values above 0.8 are considered large effects; values between 0.5 and 0.8 are considered moderate; and below 0.5, small).
Results
Experiment 1: effects of continuous social defeat stress on sucrose preference
Two-way repeated measures ANOVA did not reveal statistical difference between group (control × stress), time-point (basal, during, post) neither group × time-point interaction.
So, separate one-way ANOVAs were used for each phase of sucrose preference assessment: basal, during and after the defeat protocol, averaging 3-4 datapoints in each of these phases (see Table 1 ). Prior to defeats, both groups showed similar baseline levels of sucrose preference. During the 10-day stress protocol, a one-way ANOVA showed that sucrose preference was significantly lower for defeated mice, relative to controls (group effect [F (1, 19) = 5.19; η 2 = 0.214; p = 0.034; Cohen's d = 1.31]). No significant differences in sucrose preference were detected after the 10-day period of social defeat stress (see Fig. 1 ). Table 2 . There were no significant differences on the number of entries into the closed arms or time spent in open arms.
Experiment
3.3. Experiment 3: corticosterone levels before, during and after continuous social defeat stress
The effects of continuous social defeat stress on corticosterone concentrations are shown in Fig. 3 ). Interestingly, controls showed a significant increase in corticosterone plasma levels on day 1 of the protocol, when they were pair-housed with an unfamiliar control for the first time (p < 0.001 relative to baseline). On the 10th day of the defeat protocol, a significant reduction in corticosterone response was detected in stressed mice, relative to the first defeat (p < 0.001), although levels were still higher than those of controls (p < 0. 001; Cohen's d = 1.53). Controls also presented reduced corticosterone levels on day 10 relative to day 1 of the control protocol (p < 0.001). On day 10, we missed one blood sample from the stress group (11 samples instead of 12). For the purposes of the statistical analysis, the missing value was replaced with the mean of the stress group on day 10. Post-defeat corticosterone levels were not included in the repeated measures analysis due to reduced number of blood samples collected at that time point (only 5 samples from the stressed group, due to difficulties in collecting blood samples and errors during corticosterone analysis). A separate one-way ANOVA indicated no group differences in plasma corticosterone after 10 days of the defeat protocol. Fig. 1 . Sucrose preference (as percentage of total fluid intake) 7 days before, during and after the end of social defeat stress. Mice were offered two bottles, one filled with tap water and another with a 2.5% (w/v) sucrose solution, during 2 h. Each datapoint represents an average of 3-4 sucrose drinking tests in each different phase of the protocol. Data are shown as mean ± SEM (*p < 0.05 vs. control), n = 11 controls, n = 10 stress. 
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Experiment 4: effects of continuous social defeat stress on social investigation
Two-way repeated measures ANOVA detected a significant interaction between group and test [F (1, 92) = 7.25, p = 0.0084; η 2 = 0.073]. As shown in Fig. 4A , control mice increased the time spent in the interaction zone in the presence of a social target, relative to the no target test (p < 0.001). This was not the case for mice in the defeat stress condition. Stressed mice showed significant less time in the interaction zone when the social target was present, relative to controls (p < 0.001, Cohen's d = 1.38). No group differences were observed in the distance travelled during the social investigation test. Both groups showed reduced distance travelled in the presence of a social target, when compared to the no target condition (test effect, [F (1, 92) = 37.37; p < 0.001; η 2 = 0.0073]) as shown in Fig. 4B .
Experiment 5: consequence of continuous social defeat stress on ethanol conditioned reward (CPP)
Ethanol preference score (time spent in ethanol-paired side minus time spent in saline-paired side) was analyzed with a 3-way repeated measures ANOVA for the group factor (control × stress), ethanol dose ( 
Experiment 6: continuous social defeat stress and ethanol-induced hyperactivity
Concerning locomotor responses during activity tests carried out 8-10 days after termination of stress (novelty test, saline and ethanol tests), a two-way repeated measures ANOVA identified a significant interaction between group and test [(F (6, 70) = 6.93; p < 0.001; η 2 = 0.3728)]. Newman Keuls post hoc test showed no group Fig. 3 . Effects of continuous social defeat stress on corticosterone concentration (ng/mL) before (baseline), during continuous social defeat stress (defeat 1 and 10), and 10 days after social defeat stress (post defeat). Blood samples were collected 30 min after defeat on days 1 and 10 (stress group), or 30 min after control animals were housed in sensorial contact with a new cage mate (control group) on the same days. (n = 13 control, n = 11-12 stress; post defeat: n = 13 control, n = 5 stress.) *p < 0.01 stress vs. control; † p < 0.01 relative to baseline levels in stress group; # p < 0.05 relative to baseline levels in control group; ¤ p < 0.01 compared to stress group on defeat 1 ¥: relative to defeat 1 in control group. Fig. 4. (A) Time spent in the interaction zone under no target, and social target conditions. Socially defeated mice (n = 24) displayed a significant reduction in social interaction with a naïve target mouse compared to control group. (B) Distance travelled (cm). Results are shown as means ± SEM. *p < 0.05 compared to no target test **p < 0.05 compared to control on target test. n = 24/group. differences in locomotor activity during the novelty test, nor after a saline injection (Fig. 6) . During the ethanol challenge, control mice presented ethanol-induced locomotor stimulation, relative to their own locomotor levels when treated with saline (p < 0.001). Mice with a history of social defeat stress failed to show locomotor stimulation after ethanol (relative to their response after a saline injection), and presented significantly decreased locomotor response to ethanol when compared to controls (p < 0.001; Cohen's d = 1.244).
Discussion
This study investigated the validity of chronic, continuous social defeat stress as a model of emotional dysregulation in Swiss male mice. Features of emotional dysregulation were evidenced by reduced sucrose preference, increased avoidance of the open arms of the elevated plus maze and avoidance of social contact with unfamiliar co-specifics. Continuous social stress was also characterized by intense activation of the HPA axis in response to defeats, despite considerable reduction in corticosterone response after the final defeat, relative to the initial defeat. Baseline corticosterone levels were restored after 10 days. Furthermore, defeated mice failed to display ethanol-induced stimulation, but showed increased preference for ethanol-related cues in a conditioned place preference protocol. Thus, a history of continuous social stress promoted behavioral impairments that recapitulate depressive-and anxiety-like phenotypes, as well as an increased vulnerability to ethanol reward.
Exposure to 10 days of continuous social defeat stress reduced preference to a sweet sucrose solution, which is considered a sign of anhedonic behavior. This reduction occurred only during stress exposure, as preference levels for sucrose were restored in post-defeat testing sessions, with no differences from the control group. Differently from our results, other studies show decreased sucrose preference shortly after defeat stress (1 day; Krishnan et al., 2007) and also longterm deficits in sucrose consumption (Covington et al., 2010; Venzala et al., 2012) . However, quite a few studies also failed to report significant alterations in sucrose intake/preference during or after chronic social defeat (e.g. Croft et al., 2005 , Von Frijtag et al., 2002 ; see review by Hammels et al., 2015) . In agreement with our findings, rats exposed to chronic social defeat also presented reduced preference for sucrose during the course of the defeat protocol, although post-stress sucrose consumption was not reported in these studies (Miczek et al., 2011; Rygula et al., 2005) . In our case, such effects were limited to the period of social stress exposure, and were no longer observed after termination of stress.
Mice exposed to continuous social defeat stress were assessed for anxiety-like behavior in an elevated plus maze. In the present study, anxiety-like effects of social defeat stress were evidenced by a reduced number of entries into the open arms of the elevated plus maze, and decreased time spent there. Several studies also report anxiety-like behavior after chronic social stress, most of them using C57BL/6J mice (Avgustinovich et al., 2005; Krishnan et al., 2007; Venzala et al., 2012 Venzala et al., , 2013 see Hammels et al., 2015) , while here we report these effects also in outbred Swiss mice. Increased anxiety-like behavior seems to be a persistent, long-term consequence of continuous social defeat stress, with observations after a few days (5 days in our study) up to a few weeks post-stress (e.g. Krishnan et al., 2007; Venzala et al., 2012) .
In the present study, we corroborate findings of significant impairment in social investigation after social defeat stress (Berton et al., 2006; Krishnan et al., 2007; Kudryavtseva et al., 1991; Razzoli et al., 2011; Venzala et al., 2012) . Stressed mice spent reduced time in the interaction zone in the presence of an unfamiliar, non-aggressive social target of the same strain, relative to controls. Importantly, stressed mice show no impairment in locomotor activity or exploratory behavior when exposed to an empty wire cage, thus suggesting that deficits are selective to social investigation. Most of the previous studies showing social avoidance used C57BL/6J mice as intruders and Swiss-derived lines of mice as aggressive residents and social targets during social interaction tests (Avgustinovich et al., 1997; Venzala et al., 2012; Yu et al., 2011; see Hammels et al., 2015) . In those studies, visual and olfactory cues could indicate the social target to be a potentially aggressive animal, and thus enhance or facilitate social avoidance in previously defeated mice (see Hammels et al., 2015) . In the present study, social targets consisted of naïve, group-housed Swiss mice, with no prior aggressive experience. Thus, we further expand the finding that chronic defeat stress promotes deficits in social investigation even towards naïve, non-aggressive mice (see also Favoretto et al., 2017) .
The present study also assessed corticosterone levels prior to, during the 10-day social defeat protocol, and 10 days after stress exposure. Our findings confirm that the social defeat procedure used induced robust increases in plasma corticosterone, in agreement with the literature (Blanchard et al., 1993; Leshner et al., 1980; Pich et al., 1993; Schuurman, 1980) . In stressed mice, corticosterone levels were highest after the first defeat, and were still increased, but significantly lower, in response to the Mice from control and stress groups were repeatedly treated with 1.6 g/kg ethanol during 6 ethanol conditioning sessions; (B) mice from control and stress groups were repeatedly treated with 2.2 g/kg ethanol during 6 ethanol conditioning sessions. Results shown as means ± SEM. *p < 0.05, relative to pre-conditioning. n = 11-12/treatment group. G.C. Macedo et al. Hormones and Behavior 97 (2018) 154-161 last defeat session, suggesting the occurrence of adaptation in HPA axis responses over the course of the 10-day stress protocol. This observation contrasts with the report that corticosterone responses remain similarly elevated after repeated episodes of social defeat in rats or mice (Norman et al., 2015) . Continuous exposure to the aggressive resident is likely to recruit prolonged activation of neuroendocrine stress responses, which in turn promotes changes in HPA axis responses to subsequent defeats. However, Keeney et al. (2001) reported potentiated corticosterone responses after the 12th defeat relative to the first defeat in NMRI mice, an opposite response pattern than the one observed in the present study (see also Keeney et al., 2006) . Thus, adaptive changes in corticosterone responses during the course of chronic social defeat stress remain an interesting topic for further investigation. Interestingly, baseline corticosterone levels seem to be restored 10 days after the end of social stress, despite a smaller number of blood samples collected for this time-point. Control mice also presented increased plasma corticosterone concentrations on the first day of the protocol, although significantly lower than those of defeated mice. This response in control animals is likely due to changes in housing configuration, since controls had been relocated to cages with an unfamiliar partner, separated by a divider, and blood was collected 30 min after placement in this novel housing configuration. On the 10th day of the protocol, corticosterone responses after rotating partners were significantly lower than on the first day, suggesting a habituation to the social rotation protocol in control mice.
Some studies have found that social stress in mice induces suppression of locomotor and exploratory activity (Beery and Kaufer, 2015; Martinez et al., 1998) . Our 10-day continuous defeat protocol produced no effect on baseline ambulatory or exploratory activity, as revealed by entries into closed arms during the elevated plus maze test, or by locomotor counts during the novelty session in activity cages. However, chronically defeated mice failed to show any locomotor stimulation after an ethanol injection, while controls showed significant hyperactivity in response to ethanol. In a separate study, we also failed to observe ethanol-induced stimulation after a lower dose of ethanol (1.6 g/kg) in previously defeated mice (data not shown). Thus, a history of continuous defeat stress seems to blunt ethanol's stimulant effects. Suppression of cocaine-induced hyperactivity was also reported in rats undergoing 35 days of defeats and continuous exposure to the aggressor (Miczek et al., 2011) .
However, in contrast to reduced cocaine reward observed in continuously stressed rats (Miczek et al., 2011) , defeated mice developed significant preference for an ethanol-associated environment in a CPP protocol. In our study, mice with a history of continuous defeat stress showed enhanced CPP for ethanol relative to control mice, as revealed by an overall stress effect on conditioning scores. This effect was further supported by large effect sizes when comparing preference for the ethanol-paired compartment between stress and control groups during the second post-conditioning test. In agreement with our results, a study with C57BL/6J mice exposed to chronic subordination stress also showed increased ethanol-CPP (Bahi, 2017) . Thus, our data suggest an increased vulnerability to ethanol-conditioned reward after continuous stress, despite the observed blunted response to ethanol-induced stimulation. These data contrast with those found after repeated exposure to brief, intermittent episodes of social defeat stress, which typically promote a sensitized locomotor stimulant response to psychostimulants, as well as increased drug self-administration and increased CPP to psychostimulants (McLaughlin et al., 2006; Ribeiro Do Couto et al., 2006 , 2009 ; see also reviews by Miczek et al., 2008; Bardo et al., 2013) . Thus, consequences of social defeat stress on the effects of drugs of abuse will vary according to the social defeat stress protocol (episodic vs. continuous) as well as to the drug being studied. In terms of alcohol reward, more intense social defeat procedures seem to more reliably promote enhanced ethanol intake (Norman et al., 2015) and facilitation of ethanol-induced CPP (our data), even in the absence of locomotor cross-sensitization.
Our findings raise the hypothesis that continuous defeat stress might facilitate ethanol-induced CPP via negative reinforcement mechanisms, as the anxiolytic and pro-social effects of ethanol could contribute to increased ethanol reinforcement (e.g., File et al., 1976; File, 1980; Spanagel et al., 1995; Stewart et al., 1993; Varlinskaya and Spear, 2012) . Since stressed mice show increased anxiety-like behavior and social aversion, one could hypothesize that increased ethanol preference in the CPP could be due to the anxiolytic effects of ethanol in stressed mice, and not necessarily to increased ethanol reward (or positive reinforcement). While this is a possibility to be further investigated, our recent study showed that ethanol failed to reverse social aversion induced by chronic social stress in mice (Favoretto et al., 2017) . Ongoing studies will further investigate whether increased ethanol CPP could be mediated by functional changes in reward and/or negative reinforcement mechanisms induced by social defeat stress.
Conclusion
These results extend our understanding of long-term consequences of continuous social defeat stress in mice. Defeated mice presented emotional dysregulation and increased vulnerability to ethanol reward in different behavioral assays. Impaired HPA axis function may contribute to these alterations.
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